Activation of lymphocytes by the plant mitogen, phytohemagglutinin (PHA), results in a complex series of biochemical events that closely mimic antigenic stimulation of immunocompetent cells in vitro (1). Effects of PHA on susceptible lymphocytes include the stimulation of DNA synthesis and the induction of nonspecific cytotoxicity for target cells (1). The cytotoxicity is nonspecific since this PHA-induced response does not require prior sensitization of lymphocytes as does specific antigen-induced cytotoxicity; the PHA activation is a useful in vitro model for the study of lymphocytotoxicity (2-5).
The proliferation of lymphocytes that is induced by PHA is known to be primarily a property of thymus-derived cells (6) (7) (8) , but the precise mechanism and immunologic significance of this reaction is not yet clear. Lymphoid cells capable of mediating cytotoxic reactions in vivo are important in surveillance against tumor cells, rejection of tissue grafts, and in autoimmunity (9) .
PHA-induced synthesis of DNA and nonspecific target-cell destruction have been studied in various animal and human lymphoid cells in health and disease (1). Although limited data are available on PHA-induced synthesis of DNA (10) (11) (12) , no studies on lymphocytotoxicity in human fetal lymphoid cells have been reported. The delineation of the cell types that mediate these PHA-dependent reactions in the developing human fetus should provide a better understanding of the thymus-dependent (T cell) and bone marrow-dependent (B cell) lymphocyte populations in adult man. This knowledge Abbreviations: PHA, phytohemagglutinin; PBS, phosphate-buffered saline. 1440 may offer insight into the apparent immunologic paradox of the mammalian pregnancy and may help in determining the ontogeny of cellular immunity in man.
In the present study, we have investigated in human fetal lymphoid cells the proliferative response to PHA and the PHA-induced xenogeneic target-cell destruction. A striking independence of these two phenomena was found, especially in cells obtained from thymus and from bone marrow. On exposure to PHA, fetal thymocytes exhibited marked increases in synthesis of DNA while producing little or no target-cell destruction, whereas fetal bone-marrow cells demonstrated precisely the opposite pattern.
MATERIAL AND METHODS
Preparation of Suspensions of Lymphoid Cells. Human fetuses of conceptional ages between 14 and 18 weeks, as gauged by crown-rump length, were obtained by abdominal hysterotomies performed for therapeutic abortions. By this stage of development the thymus contains a well-demarcated medulla and cortex; circulating blood lymphocytes are present; the splenic white pulp is sparse, but the liver contains large numbers of lymphoid cells. The thymus, spleen, and liver were teased, minced with sterile scalpels, and gently homogenized in a glass tissue grinder within 1 hr after delivery. Bone-marrow cells were flushed from the epiphyseal ends of long bones with phosphate-buffered saline, pH 7 .4 (PBS), and suspended in the same buffer. Peripheral blood collected in phenol-free heparin (Lipo-hepin, Riker Laboratories) was placed on a gradient of Ficoll-Hypaque and centrifuged at 400 X g for 20 min according to the method of B6yum (13) were added, and incubation was continued for 6 hr.
Preparation of Cells for Scintillation Counting. Cell suspensions were transferred from plastic culture tubes to 16 X 100-mm glass tubes, washed 3 times with cold PBS, and centrifuged at 500 X g for 20 min. DNA protein was precipitated twice with cold 5% trichloroacetic acid. Precipitates were washed with cold absolute methanol and dried. The trichloroacetic acid-methanol insoluble precipitates were dissolved in 0.2 ml of 0.2 N NaOH by heating to 60°for 45 min. 0.2 ml of 10% acetic acid was added, and the radioactive material was transferred to scintillation vials containing 10 ml of Liquifluor-toluene (Packard) with 10% Bio-Solv (BBS-3, Beckman). Counts per minute (cpm) were determined in a Packard liquid scintillation counter with an automatic external standard for quench correction. Results are expressed as the mean cpm of triplicate tubes for each dose of PHA and for each set of control tubes. The stimulation index for each dose of PHA is derived by the expression: mean cpm in PHA-treated cultures mean cpm in control cultures
Cytotoxicity of Lymphoid Cells for Chicken Erythrocytes. Chicken erythrocytes were obtained, prepared, and labeled with Na25"CrO4 according to the method of Perlmann et al. (15) . Briefly, heparinized chicken erythrocytes obtained by cardiac puncture were washed in PBS, and the pellet, containing about 3 X 107 cells, was incubated with 100 uCi of Na261CrO4 (Amersham/Searle) for 45 min at 37°. After five washes in PBS, the chicken erythrocytes were adjusted to a density of 2 X 105/ml in Eagle's minimal essential medium (spinner modification, Grand Island Biological Co.) containing 10% heat-inactivated fetal calf serum. 212. The high "background" DNA synthesis in control bone-marrow cultures may have obscured any measurable increment in DNA synthesis caused by PHA, but the comparable "high background" in control blood cultures did not.
The dose of PHA required for maximum DNA synthesis in the three responding organs (thymus, spleen, and blood) was about 100 jg of PHA per 2 X 101 cells per ml of culture. A typical dose-response curve for thymocytes, splenocytes, and blood lymphocytes from a 15-week fetus is shown in Fig. 2 . There was inhibition or lack of response both at the larger and smaller doses of PHA. Due to the relatively small sample size, we were unable to establish an age-dependent effect on DNA synthesis that is induced by PHA.
PHA-mediated toxicity of lymphoid cells for chicken erythrocytes
When lymphoid cells from the same fetal tissues were assayed for PHA-stimulated cytotoxicity at a ratio of ten lymphoid cells to one target cell (Fig. 3) , an entirely different pattern of responses emerged (Table 1 ). Significant release of isotope occurred in five of six fetal marrow-cell preparations (mean of significant releases, 21%), three of four fetal blood (14.6% released), and six of seven adult blood lymphocytes (17.5%). Three of four samples of fetal splenocytes produced statistically significant 51Cr release, but at a lower level (Table 2) . In contrast, significant isotopic release occurred in only one of six thymocyte and hepatocyte cultures. In each of these single instances, the release was between 1 and 2%. By increasing the ratio of cells to 50:1, significant target-cell destruction by thymocytes occurred in two of six instances; 2% isotope release was detected. At this increased ratio, hepatocytes produced significant release of 51Cr in but one of five instances, with 3% isotope release.
Lymphoid cells and target cells without PHA failed to produce significant release of 5'Cr, except in a few isolated instances.
DISCUSSION
We have shown a striking difference in the ability of cells from various fetal lymphoid organs to be stimulated to synthesize larger amounts of DNA and to mediate target-cell destruction. The discordance in these cell-mediated phenomena was most conspicuous in lymphoid cells from thymus and from the bone marrow.
Fetal thymocytes responded to PHA stimulation by incorporating thymidine into DNA, which is in agreement with existing data (10) (11) (12) . However, there is considerable disagreement regarding the ability of PHA to induce DNA synthesis in thymocytes from various adult animal species (16) . In the mouse, a cortisone-resistant, thymus-dependent population responsive to PHA has been clearly identified (17) (18) (19) . In man, several investigators have found low levels of response (20, 21) , and others have postulated two cell populations, the smaller of which is PHA-responsive (22) . The failure to detect significant levels of increased DNA synthesis in earlier studies may reflect the narrow dose range of PHA used. On the other hand, the fetal thymus may contain a relatively larger proportion of PHA-responsive cells than does the adult organ.
Although the precise significance of PHA-induced synthesis of DNA is unknown, recent studies suggest that the response is specific for thymus-derived lymphocytes (6) and that the subpopulation of cortisone-resistant, PHA-responsive thymocytes in the mouse is fully immunocompetent (19) . Our findings of PHA-responsive cells in the 14-to 18-week human fetal thymus suggest that some degree of immune competence exists in this lymphoid organ by the end of the first half of gestation.
While PHA induced significant synthesis of DNA in fetal thymocytes after 72 hr of culture, no appreciable target-cell destruction by these cells was produced during the first 20 hr of culture. Holm and Perlmann (3) were unable to induce (25) have shown that PHAinduced DNA synthesis in peripheral lymphoid cells is thymus-dependent, while cytotoxicity of these cells for antibody-sensitized Chang cells is thymus-independent. Recently, a striking dissociation of DNA synthesis and cytotoxicity has been demonstrated in lymphocytes treated with concanavalin A (26) .
Using a different lymphocyte-target cell system, Blomgren et al. (18) showed that a small subpopulation of cortisoneresistant, PHA-responsive rat thymocytes could specifically kill allogeneic target cells to which the animals had been sensitized. However, his study is not directly comparable to ours, because we used xenogeneic target cells and PHA-induced cytotoxicity with unsensitized lymphocytes. Our results do not exclude the presence of a small population of cytotoxic thymocytes. Our method may not be sensitive enough to detect a small subpopulation; it is also possible that our fetal specimens had not reached the developmental age at which such a subpopulation would appear.
Lymphoid cells from fetal bone marrow uniformly produced significant target-cell damage but failed to synthesize DNA in response to PHA. Our results suggest that lymphoid cells from bone marrow are the source of cells responsible for this pattern of response in vitro. This suggests that lymphocytotoxicity is primarily a bone marrow-derived and thymusindependent function. However, our study does not provide any direct evidence for the migration of bone marrow-derived or thymus-derived populations into peripheral lymphoid organs where both immunologic functions are expressed.
Recently, antibody-dependent, lymphocyte-mediated cytotoxicity has been demonstrated to be independent of thymus-derived lymphocytes in nonsensitized mice (27) .
These experiments also provide evidence that bone marrowdependent (B) cells mediate destruction of antibody-coated target cells. The further discovery that both thymus (T)-and bone marrow (B)-dependent lymphocytes contain approximately equal numbers of binding sites for PHA (28) , combined with the knowledge that chicken erythrocytes also contain PHA receptors, suggests that target-cell destruction by bone-marrow lymphoid cells in our preparation is a consequence of binding of marrow cells to the target.
No previous studies in guinea pigs (29) , rats (23), anemic adults (30), or human fetuses (12) have shown PHA-induced DNA synthesis in bone-marrow cells. The existence of a minor subpopulation of apparently thymus-independent (19) lymphoid cells that responds to PHA by synthesis of DNA can be revealed in mouse bone marrow after treatment with cortisone (31) . The presence of bone-marrow lymphocytes in the rat that are cytotoxic for antibody-coated Chang cells has been reported (23) ; however, we know of no previous reports that demonstrate this function in any human bone-marrow cultures. Despite the limitations inherent in the study of the immune response in humans, considerable information regarding the immune competence and specialization of various human fetal lymphoid organs has been gleaned from the present investigation. One may speculate that the precisely converse responses of the thymocyte and the bone-marrow cell provide evidence for thymus-dependent and bone marrow-dependent populations, and that the intermediate responses of lymphoid cells present in the peripheral blood and spleent could be explained by the proposal that a mixture of the two independent cell populations exists.
Without the use of thymectomy and adoptive-transfer experiments, we cannot at this time conclude that the populations found in fetal thymus and bone marrow are equivalent to the thymus-dependent (T) cell and bone marrow-dependent (B) cell systems that have been identified in other animal species (32) . Based upon the striking dichotomy of PHA-dependent responses of the fetal thymocytes and bone marrow cells, it is our conclusion that PHA-dependent cytotoxicity and DNA synthesis are functions of different lymphoid cell populations during human embryonic development.
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